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1 Introduction
A new Study Item on “Study on Enhanced Support for Aerial Vehicles” was approved in RAN#75 meeting [1] with the following targets related to uplink interference mitigation in Aerial Vehicles.
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]
· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells [RAN1, RAN2]
It was agreed in RAN1#90 meeting that following potential solutions for uplink interference mitigation are further evaluated in RAN1#90bis meeting [2]
· Power control-based mechanisms
· Transmission beamforming (optional for evaluations)
· Note 1:  proponents are encouraged to provide results for transmission beamforming when the number of UE Tx antennas is larger than 2.
· Note 2:  proponents are encouraged to provide details of channel models.
· Network coordination
· CoMP
· Note: companies should provide their assumptions on the coordination set size.
· ICIC
· Note: companies should provide their assumptions on the coordination set size.
· Resource reservation
· Other solutions are not precluded
RAN1#90bis meeting discussed the solutions of FD-MIMO and uplink power control for uplink interference mitigation as well as corresponding performance [3]. 
In this contribution, we share our view on uplink interference mitigation in Aerial Vehicles.
2 Uplink Interference Mitigation
Due to the special transmission environment, Aerial Vehicle shows different interference status at different flying height. When the height of one Aerial Vehicle is lower, the interference status of this Aerial Vehicle is similar to a conventional terrestrial UE. However, when the flying height is higher, this Aerial Vehicle might leak stronger interference to more neighbour cells as shown in Fig. 1 and Fig. 2, and becomes one target for uplink interference mitigation. As discussed in RAN1#90 meeting, there are several potential solutions for uplink interference mitigation in Aerial Vehicles, for example power control-based mechanisms, transmission beamforming, CoMP, ICIC and resource reservation [2]. The solutions of uplink power control and FD-MIMO have been evaluated in RAN1#90bis meeting for uplink interference mitigation in Aerial Vehicles [6][7]. One way of splitting these solutions in the ones requiring coordination in the network (for example ICIC and CoMP), and the ones who run isolated in the own cell, not requiring exchange of information between the cells (for example uplink power control and transmission beamforming). 
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                                       (a) TU@1.5m                                                                           (b) AV@100m
Figure 1: CDF of RSRP in UMa-AV (simulation results) [4]
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                                       (a) TU@1.5m                                                                           (b) AV@120m
Figure 2: CDF of RSRP in rural scenario (field measurement results) [5]
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                          (a) Power reduction in UMa-AV                                           (b) Power reduction in RMa-AV
Figure 3: Uplink transmission power reduction for uplink interference mitigation in aerial vehicles [4]

2.1 Transmission Beamforming
The non-network coordination-based solutions for uplink interference mitigation of Aerial Vehicles include power control-based mechanisms, beamforming and so on. Based on the performance evaluation in [6][7], the uplink power control is one of the good solutions for uplink interference mitigation of Aerial Vehicles by reducing the uplink transmission power of Aerial Vehicles directly for the performance balance between Aerial Vehicles and terrestrial UEs. However, although reducing uplink transmission power of Aerial Vehicles could mitigate its uplink interference to the neighbour cells as a straight forward method, it results in the uplink performance degradation of Aerial Vehicles at the same time as shown in Fig. 3, where the useful signal power from aerial UE to its serving cell would be reduced with the same level at the same time. So, besides uplink power control, other solutions might be needed at the same time for better performance improvement. For example, Aerial Vehicle could utilize transmission beamforming to compensate its performance degradation and meanwhile mitigate its interference further. The system-level performance evaluation for the solution of transmission beamforming is provided in Fig. 4 compared to uplink power control.
Observation 1: Besides uplink power control, other solutions might be needed at the same time for better performance improvement in uplink interference mitigation.
Proposal 1: Support transmission beamforming for uplink interference mitigation in Aerial Vehicle.  
Proposal 2: Capture the transmission beamforming proposal into the TR.
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Figure 4: Uplink system-level evaluation results for non-network coordination-based solutions
2.2 Network Coordination
As discussed above, with uplink power control, the uplink interference towards other cells can be controlled at the cost of the uplink performance of Aerial Vehicles. This way terrestrial traffic can be protected from interference from for instance camera drones. However, it is difficult to set the optimal P0 value, as it will be depending on the load, coupling between the cells, etc. Therefore, network coordination is useful and it is proposed to include a general framework for dedicated interfering to interfered cell exchange to adjust the interference to the required levels. One example of this can be seen in Fig. 5.
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Figure 5: Example network coordination scheme
The example scheme works as follows:
1. The serving cell of the UAV collects the RSRP values coming from the measurement from the UAV. The RSRP values can together with the used transmission power and scheduled PRB be used to estimate the IoT increase in each victim (interfered) cell.
2. If this interference estimate is larger than a certain threshold a HII message can be sent to the victim cell.
3. The victim cell checks if the expected increase in interference is harmful for the traffic it has. It can take into account the load, QoS etc to determine this. For instance, in an empty cell any IoT increase is not harmful.
4. If judged harmful the victim cell can send an OI message back to the interfering cell, which can be understood as a request to lower the interference increase.
This way the interfering call can take interference limiting actions, like lowering the P0 for the UAV causing the interference. 
Proposal 3: Support network coordination for uplink interference mitigation in Aerial Vehicle.  
Proposal 4: Capture the network coordination proposal into the TR.
3 Conclusions
In this contribution, we share our views on uplink interference mitigation in Aerial Vehicle with the following observations and proposals.
Observation 1: Besides uplink power control, other solutions might be needed at the same time for better performance improvement in uplink interference mitigation.
Proposal 1: Support transmission beamforming for uplink interference mitigation in Aerial Vehicle.  
Proposal 2: Capture the transmission beamforming proposal into the TR.
Proposal 3: Support network coordination for uplink interference mitigation in Aerial Vehicle.  
Proposal 4: Capture the network coordination proposal into the TR.
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Annex A: Simulation Assumptions
The simulation assumptions in this contribution are provided in Table A-1.
Table A-1 Simulation assumptions
	Parameter
	Value

	Scenario
	· UMa-AV

	Number of antenna
	· 4Tx/2Rx

	UE height
	· Terrestrial UE: 1.5m
· Aerial UE: from 1.5m to 300m

	ULPC
	· [bookmark: _GoBack](P0=-85dBm, α=0.8)

	Handover margin
	· 0dB
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